This article has improved the approach for assessing the level of effectiveness of state regulation in the process of economic restructuring, considering its environmental factor. The proposed approach is based on the adaptation of the Kubin and Stern models by constructing a nonlinear econometric model of the dependence of expenditures logarithm on the implementation of reforms (considering the environmental factor) from the integral indicators: Dynamic shifts, Inclusiveness, Sustainable Development, Adjustment and Worldwide Governance Indicator (WGI). The WGI Kaufman and Krau Index is calculated on the basis of the application of the UCM approach as a general characteristic of the following components: publicity and accountability; political stability and lack of pressure, the effectiveness of the government; quality of regulation, the rule of law, control over corruption. The parameters formalization of the econometric model was carried out in applying parametric methods by preliminary normalization of the input parameters of the Harrington method. A qualitative interpretation of findings of the level of efficiency in state regulation in the process of economic restructuring, considering its environmental factor, is made by building a correlation matrix.
Introduction
The economics of the world enters a new stage of its development, experiencing the fourth industrial revolution − the creation of a self-regulating system that will be based on the Big Date, their analysis, automated production, augmented reality and minimal human intervention in these processes.
At the same time the modern infrastructure of the economy of most states of the world is not able to transform independently itself into an effective system for ensuring sustainable development of society. Not only the structure of the economy of the states of the world is adapted to new innovative conditions for the development of society, but also the enterprises of heavy and light industries. transport, communications and other industries use obsolete equipment, and the cost of production includes a significant share of labor costs.
The above situation, necessitates the activity of public authorities in the processes of restructuring the national economy, the formation of a unified strategy for its implementation and the clear implementation of tasks at all levels of government.
At the same time the policy on economic restructuring formed by state authorities should consider the environmental factor of implemented activities. This is due to the fact that further pollution of the environment can lead to a global ecological catastrophe, which is inherited by any progress in the sphere of production and services.
So, in the situation of limited budget revenues of any country, increasing the responsibility of government regulatory agencies for the reforms and priorities for environmental protection, the development of approach to assessing the state regulation of economic restructuring based on an environmental factor becomes relevant.
Literature review and discussion
The need for state regulation of the processes of economic development and economic restructuring, despite market mechanisms for adjusting supply and demand in the market, has been proved by many scientists. Thus, studies on the relationship between effective state regulation and state development processes were carried out by D. Kaufmann, A. Kraay and M. Mastruzzi [17] . J. Stern, as well as his colleagues S. Holder, F. Trillas, J.S. Cubbin have a significant scientific achievement in the field of research on the influence of state regulation instruments on various economic phenomena and processes [27, 28, 29, 30] . Thus, the team of authors carried out research to determine criteria for assessing the performance of regulatory systems, various aspects of telecoms regulation, the analysis of expected results of public administration and the regulation of utility services. A careful study of the impact of state and non-state regulation of unemployment on various processes of economic restructuring is carried out by C. Coglianese, A. M. Finkel, & C. Carrigan [7] .
A significant scientific potential is devoted to the study of the relationship between economic growth and the environment. Such a group of scientists as C. Davidson [8] , T. Panayotou [23] , P. R. Portney [24] consider the direct and reverse influence of the development of entrepreneurship on the environment, as well as the processes of increasing the requirements for the preservation of the environment on the country's economic growth.
Other aspects of the relationship between the economic restructuring and the environment are explored by F. Cimato, M. Mullan [6] , P. Ekins [11] , J. M. Harris and N. R. Goodwin [14] . These scientists determine the possibility of parallel sustainable development of economic processes in the state and preservation of the environment. In addition, F. Cimato and M. Mullan, analyzing the role of public administration in the process of coordinated development of the state, determine its paramount role for the balanced growth of economic indicators and the ecological environment.
The study of purposeful impact of environmental regulation on various economic processes also has a separate set of scientific papers. A detailed analysis of the effect of environmental regulations on industry productivity was conducted by A. J. Barbera, V. D. McConnell [2] , B. R. Domazlicky & W. L. Weber [9] , E. Berman and L. T. Bui [5] . These scientists analyzed the vector of the impact of environmental regulation on productivity and came to the conclusion that the environmental impact on productivity is positive. In parallel, E. Berman and L. T. Bui [4] investigated the effect of environmental regulation on labor demand.
Environmental regulation did not leave aside the problems of digitalization of the economy. Thus, the works of S. Ambec, M. A. Cohen, S. Elgie, P. Lanoie [1] , A. B. Jaffe, K. Palmer evidenced about the influence of environmental regulation on innovations [16] . In their studies scientists use an analytical method to prove the direct interdependence between the indicators of the effectiveness of state environmental regulation and the development of innovations, and also note the influence of IT technologies for maintaining a high level of environmental safety.
A significant amount of research has also been devoted to mathematical analysis of the processes of interrelation of economic development and its environmental factor . Thus, the features of formalizing the assessment of environmental protection components were considered by M. K. Evans [13] , a quantitative study of environmentalism and economic prosperity is reflected in the work of S. M. Meyer [22] , the assessments of the impact of various economic processes on the environmental safety of the state were carried out by R. Rogerson [26] .
Having carried out a detailed analysis of existing opinions on the state regulation of economic growth, economic restructuring and the influence of environmental factor on the various processes of state formation, it is fair to note that all scientists hold a common opinion regarding the possibility of obtaining a positive result for the economy from the use of state regulation instruments only under the condition of effective activity of executive and legislative institutions.
Thus, it is the development of a model for assessing the effectiveness of state regulation of economic restructuring based on an environmental factor, which will allow monitoring of the public administration system.
Methodology
Carrying out a step-by-step development of approach to assessing the effectiveness of state regulation in economic restructuring based on the environmental factor, we note that at the first stage it is advisable to analyze the mathematical tools for its implementation. So, the methods used to assess the effectiveness of state regulation can be divided into two groups (Table 1) [34] : parametric methods based on econometric analysis and required the definition of the functional form of the production function and nonparametric methods based on mathematical programming tools. the need for a clear specification of the form of the "border", that is, the previously known function of the "border" of efficiency.
Non-parametric methods
➢ there is no need to define clearly the form of the "border" of effectiveness; ➢ mandatory presence of objects with 100% efficiency.
➢ a clear calculation (rather than an evaluation) of the effectiveness values; ➢ the initial assumption about the absence of random errors.
The analysis of Table 1 allows us to state that it is expedient to apply parametric methods to assess the effectiveness of state regulation in economic restructuring. This is due, first, to the possibility considering cause-effect relationships, allowing the construction of econometric models. Secondly, the randomness is characteristic for economic phenomena and processes, which is formalized by solving stochastic problems, where regularities are manifested only on average for all objects under study.
The Kubin and Stern model is one of the parametric approaches to the estimation of regulatory efficiency for the implementation of which the least squares method is used [29] . This approach was used to evaluate the system for the process regulation of electricity generation. The essence of this approach fully meets our requirements for the task. The mathematical formalization of this approach is represented by equation 1.
where ( ) is the logarithm of electricity production per capita per gigawatt for the i-th (i = 1, ..., I) countries during the t-th (t = 1, ..., T) time interval; 0 is the constant value of the regression; is a specific fixed effect, time invariant;
is a real national income per capita;
is the logarithm of industrial value added as a percentage of GDP;
is a share of public debt service as a percentage of gross national income;
is the index of regulatory management (or its individual components);
Х is a vector of other potentially significant variables (for example, the rule of law and corruption measures, the age of the regulator, the method of price regulation, etc.); is a random causative agent.
The next (second) stage of implementation of the proposed methodology will consist in adapting the selected parametric approach to assessing the effectiveness of state regulation of Ukrainian economy restructuring, taking into account the environmental factor. So, on the basis of the transformation of the model of Kubin and Stern [29] , it is proposed to construct the following econometric model for assessing the effectiveness of state regulation of the restructuring of the Ukrainian economy, considering the environmental factor:
where ( ) is the logarithm of the costs of reforms related to the economic restructuring (considering the environmental factor) for the i-th (i = 1, ..., I) countries during the t-th (t = 1, ..., T); 0 is the constant value of the regression; is a specific effect in the j-th (j = 1, ..., 6) section of the research direction;
is an integral indicator of Dynamic shifts as a generalizing characteristic of the following components: GDP per capita, labor productivity in GDP per employee, life expectancy (years);
is an integral indicator of Inclusiveness as a generalizing characteristic of the following components: the coefficient of society stratification by income (from 0, that is, without stratification, to 100); poverty level (percent) coefficient of stratification of the society by the distribution of wealth (from 0, that is, without unevenness, to 100), the median income;
is an integral indicator of Sustainable development as a generalizing characteristic of the following components: adjusted net savings (percent of gross national income), greenhouse intensity of GDP (kilograms of CO₂ emissions per dollar) public debt (percent of GDP) and demographic load factor (percent); is the index of state regulation of economic restructuring − the WGI index (World Governance Indicators [17] ) by Kauffman and Kraay as a generalizing characteristic of the following components: publicity and accountability, political stability and lack of pressure, the effectiveness of the government, quality of regulation, the rule of law, control over corruption; is the integral indicator of Adjustment as a generalizing characteristic of the following components: the index of democracy, index promotion of corruption, a rating of openness of budgets, the state incapacity index;
Х is the vector of other potentially relevant variables; is a random causative agent.
Let's consider each of the above-mentioned parameters of the model in more detail and break its economic changes. Thus, the costs of reform should include all transfers from the budget to activities related to the economic restructuring. In addition, it is necessary to determine the amount of public funds spent on activities related to environmental protection in the framework of these reforms.
The parameters of the presented model describe the effect that is achieved due to the state policy of restructuring in the context of relevant parameter of the characteristics on the process of innovative development of the state.
The following four integral indicators are indicators of a comprehensive description of the current and future situation in the state. So, the next three: Dynamic shifts, Inclusiveness, Sustainable development, are a composite rating of inclusive development index, proposed as an alternative to GDP for assessing the state of the economy of the state under study [31] . The last fourth index of WGI, describes the form and specificity of state regulation in the country.
Thus, we will get a model in which the cost parameters for restructuring, the effect of its implementation for the economy, society and the environment, as well as indicators of the effectiveness of the work of state authorities, are correlated with possible destructive factors of public administration and the development of global economy.
In addition, the last integral indicator of Adjustment and the last two parameters (the vector of other potentially relevant variables and random causative agent) allow the model to consider additional possible influence factors, which significantly improves the adequacy of findings.
The third stage will consist in the direct calculation of the components (factor attributes) of the econometric model for assessing the effectiveness of state regulation on the restructuring of the Ukrainian economy, considering the environmental factor. So, at the first stage of this stage, there is a need to quantify the integral indicator of Dynamic growth. The components of this indicator are GDP per capita, labor productivity is GDP per employee, life expectancy (years) of employment (percent). These indicators have different units of measure, so with a view to their further aggregation into a single indicator, we will carry out a normalization by the Harrington method (equation 3). The expediency of using the Harrington method is due to the possibility of normalizing both the indicators of stimulants and the indices of destimulators by a single approach, reduction to a comparable type of both positive and negative values, taking into account the scope for the time period under study, which makes it possible to realize the adaptive properties of the model [17] . Turning to the assessment of the index of state regulation of economic restructuring, it is proposed to build a model of independent components (UCM), according to which for each of the six components of governance (publicity and accountability, political stability and lack of pressure, government efficiency, regulatory quality, rule of law, control over corruption) linear independent control function [17] :
where is the estimation of the j-th country in the context of the k-th component of management;
, are the parameters that indicate independent management in the j-th country;
is an independent management in the country, presented as a normal-distributed random variable with zero mean and dispersion 1;
is the term of violation of the k-th component of management in the j-th country.
These components of state regulation of economic restructuring are complex categories, which can be quantitatively described by the relevant indicators presented in Appendix 1.
After constructing six linear functions of independent management for each of these components of state regulation in economic restructuring, it becomes necessary to determine the quantitative evaluation of independent management for the j-th country for all k management components [17] :
where [ | 1 , … , ] is a quantitative assessment of independent management for the j-th country for all k management components;
is the weight of the k-th control signal, which is proposed to be determined by the equation [17] :
where is the mean square deviation of the random deviation of the kth control signal.
In turn, the standard error of quantitative estimation of independent control for the j-th country for all k control components is defined as follows [17] :
where
is the standard error of quantitative assessment of independent management for the j-th country.
The expediency of applying the UCM approach to modeling the index of state regulation of economic restructuring is as follows:
➢ it is based on a certain set of basic data, rather than specific, appropriate to each country; ➢ it considers not only the country's rating position in comparison with others, but also the gap between them, both in general on the state regulation index, and in the context of specific management components; ➢ it is insensitive to extreme increase or decrease of input data, confirming its stability; ➢ it takes into account the different priorities of the management components, allows to provide the desired accuracy of the assessment of the integral index of state regulation; ➢ it considers the uncertainty associated with the evaluation of management indicators.
At the fourth stage, the econometric model is solved, namely, the search for its parameters based on the application of the method of least squares. For practical realization of this stage, it is suggested to use the toolkit Statistica Analysis → Advanced analysis methods → Generalizing regression models.
Proceeding from the fact that 5 is the parameter of the variable (the index of state regulation of economic restructuring) to provide us with a quantitative description of the effectiveness of state regulation on economic restructuring based on the environmental factor, then in the fifth stage, we will perform a mathematical formalization of its qualitative assessment.
So, this parameter allows us to quantify the interdependence between the index of state regulation in the economic restructuring and the costs of conducting it directly. However, within the limits of the task set, in assessing the effectiveness of state regulation of economic restructuring, considering the environmental factor, it is actual to formalize the interdependence between the factorial features of the econometric model, that is, the study of the interdependence between the index of state regulation of economic restructuring and the integral indicators of Dynamic shifts, Inclusiveness and Sustainable development, since it is a complex study of all these parameters that will allow to give answers to questions. This is due to the fact that the direct relationship between costs and efficiency of state regulation does not provide an answer to the question of the effectiveness of the activities of state bodies specifically for the economy, society and the environment.
The formalization of the fifth stage is due to the implementation of the correlation analysis. The quantitative assessment of interdependence between the index of state regulation of economic restructuring and integral indicators of Dynamic shifts, Inclusiveness, Sustainable development, Adjustment with the help of correlation analysis. Thus, it is proposed to construct a correlation matrix, the elements of which are the paired correlation coefficients. Based on the calculated correlation coefficients that can take values from -1 to +1, one can draw conclusions about the direct or inverse relationship between the state regulation index of economic restructuring and the integral indicators of Dynamic shifts, Inclusiveness, Sustainable development, Adjustment, and also the force of statistically insignificant (from -0.3 to 0.3 parts of unit), weak (from -0.5 to -0.3, from 0.3 to 0.5 parts of unit), average (from -0,7 to 0,5, from 0,5 to 0,7 parts units) or strong (from -1,0 to -0,7, from 0,7 to 1,0 parts of units) tightness of the connection.
Thus, it is fair to say that the evaluation of the effectiveness of state regulation of economic restructuring considering the environmental factor is based on the parameter of the regression equation, and the logic that determines the adequacy of its assessment is the following: effective government agencies should result in optimal spending of public funds (i.e., an increase in the efficiency of government agencies should lead to a decrease in a rate of spending of public funds on estructuring the and the effect of these measures should be traced in a rapid growth of indices of the characteristics of economic and public life of the population and the environment where they are located.
Conclusions
The estimation of the level of effectiveness of state regulation in the process of economic restructuring, considering its environmental factor, is planned to be carried out on the basis of nonlinear econometric model of the dependence of the costs logarithm of reforms (considering the environmental factor) from the integral indicators such as Dynamic shifts, Inclusiveness, Sustainable Development, Adjustment and Worldwide Governance Indicator (WGI). The regression equation parameter obtained from the modeling in WGI index will reflect the level of efficiency of the state process in economic restructuring. The level of this effectiveness is estimated through the impact of the amount of money spent on restructuring on the dynamics of socio-ecological and economic development of the state.
This formalization makes it possible to investigate the effectiveness of public management, considering the level of funds return spent on economic restructuring in economic and social spheres and the environment.
The assessment of state regulation effectiveness in economic restructuring on the performance indicators of business entities and the population is carried out using the parameters of the constructed model in the form of a regression equation. So, the parameter in the Dynamic shifts index allows to assert about the degree of influence of the efficiency of spending by the state authorities of the economic restructuring on the level of production of goods, works and services in the state, parameter in the Inclusiveness index indicates a corresponding influence on the problem of income inequality, the parameter in Sustainable development index allows to assert about the corresponding influence on the level of social welfare of the population in the current conditions and the outlook for the future, as well as on the level of environmental pollution reduction. Despite the fact that the integral index of Adjustment was introduced into the model with the purpose of considering the peculiarities of functioning of state authorities in the state, the parameter is very informative and gives an opportunity to state the degree of interrelation between the efficiency of spending by the state authorities on economic restructuring and transparency of activities of these bodies.
All of the above allows us to carry out an impartial assessment of activities of state authorities on economic restructuring, to prove the need for state participation in the processes of comprehensive economic restructuring of the country, to determine the presence or absence of a quantitative relationship between the amount spent for restructuring funds and the welfare of business entities and the population.
Further scientific research will be aimed at practical assessment of state regulation effectiveness in the process of economic restructuring, considering its environmenral factor, the definition of tools to enhance public management in the sphere of economic restructuring, the development of economic restructuring methods that will affect all processes in the state synergistically, proof of the need for government bodies to take into account the environmental component of economic restructuring more actively, and also to formulate a strategic plan for economic restructuring of the state, depending on the level of technological progress in the world. 
